Direct sequencing of DNA is a very powerful technique for genomic research, and there have been many reports of its use. Most of the direct DNA sequencing methods that have been reported are radioactive sequencing methods or fluorescent dye-primer sequencing methods (1-3). Recently, dye terminator sequencing chemistry (4) has been improved by the introduction of a modified enzyme, AmpliTaq polymerase FS (5), as well as the new d-Rhodamine, BigDye and DYEnamic ET terminators, that enhance sensitivity while reducing background noise (6, 7). Recently, both our team and Gladden et al. reported the direct colony sequencing of plasmid DNA using the BigDye terminator (8, 9). The sequencing involved simplified methods for rapid screening of plasmid DNA and verification that DNA inserts are in their correct orientation. Otte et al. reported the direct sequencing of phage DNA (10), but their methods are not useful for plaque direct sequencing. In this paper, we present a strategy for direct sequencing of a single phage plaque by recycle sequencing using the BigDye terminator.
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Materials and Methods
Preparation of phage. A single FIX II plaque containing 15-kb-insert fragments was suspended in SM buffer containing 0.01% gelatin, 0.15 M NaCl, 10 mM MgSO 4 , and 50 mM Tris-HCl (pH 7.5). One milliliter of freshly grown XL1-Blue MRA bacteria in Luria-Bertani (LB) 2 medium containing 1% Bactotryptone, 0.5% Bacto-yeast extract, and 1% NaCl (pH 7.5), supplemented overnight with 0.2% maltose and 10 mM MgSO 4 , was added to the phage suspension. The bacteria and phage were then incubated for 30 min at 37°C. The phage-infected bacteria were transferred to 200 mL of LB medium supplemented with 10 mM MgSO 4 and then further incubated at 37°C with shaking for 7 h. The infected bacteria were centrifuged at 3000 rpm for 15 min to pellet cell debris, and the resulting supernatant was then ultracentrifuged at 120,000 rpm for 90 min. The pellet formed by ultracentrifugation, which contained phage particle, was suspended in PBS. The phage particle was then used for sequencing, as described below.
Preparation of purified DNA. This procedure was identical to the above procedure for preparation of phage up to and including the first centrifugation. After the bacterial cell debris was pelleted by centrifugation at 3000 rpm for 15 min, the phage was purified by glycerol density-gradient ultracentrifugation and subjected to proteinase K digestion. After phenol/chloroform extraction, phage DNA was precipitated in 80% ethanol (11). The precipitate, purified DNA, was then dried and resuspended in 50 L of TE buffer. The quality of the purified DNA was assessed using 0.6% agarose gel electrophoresis. The purified DNA was then used for sequencing, as described below.
Re-cycle-sequencing. Purified phage particle, DNA, or a single phage plaque was added to a reagent mixture containing 8 L of BigDye terminator cycle sequencing premix (Applied Biosystems, Foster City, CA), 2 L (6.4 pmol) of T7 primer, and ddH 2 O. Total volume was 20 L. The first PCR was carried out in a GeneAmp PCR system 9700 thermocycler (Applied Biosystems), with 30 cycles of 96°C for 10 s, 50°C for 5 s, and 60°C for 2.5 min. Each sample was isolated by ethanol/sodium acetate precipitation at room temperature, to remove the unincorporated dye-labeled terminators. Each precipitate was solved in 10 L of ddH 2 O and then added to a reagent mixture containing 8 L of BigDye terminator ready reaction mix and 2 L (6.4 pmol) of T7 primer. The second PCR was carried out in a GeneAmp PCR system 9700 thermocycler, with 30 cycles of 96°C for 10 s, 50°C for 5 s, and 60°C for 2.5 min. Each sample was isolated by ethanol/sodium acetate precipitation at room temperature, to remove the unincorporated dye-labeled terminators. Each precipitate was then suspended in 20 L of template suppression reagent and
